Complications
(1) Laryngeal cartilage necrosis has occurred in 21 %o of patients in whom the larynx has had to be irradiated. The onset is usually six to nine months after treatment. We do not know whether it has been due to a direct effect on the cartilage cells or to damage to their blood supply or to a combination of both; cartilage in other sites has not been affected and there is no doubt that the necrosis hag been, at least partially, due to the use of oxygen as no necrosis has occurred in 35 patients treated to similar dosage in air. Fortunately a small dose reduction appears to have eliminated this complication without reducing the tumour sterilization rate; we have had no case of cartilage necrosis for the last eighteen months.
(2) Failure in complete healing of tissue defects: It is not surprising that, in spite of the tumour being sterilized, it has been difficult to get tissue defects, caused by some of the more massive tumours, to heal; the stroma will be damaged by the irradiation and the blood supply much reduced. If tumours above a certain size are to be treated, it may well prove necessary to carry out reconstructive surgery to bring the tissue edges together immediately or very soon after the course of radiotherapy has been completed (van den Brenk 1963, personal communication). An alternative method may be to give the patient highpressure oxygen to breathe for several hours daily for some weeks after treatment as has been used to obtain healing of benign ischaemic ulcers on the legs (Illingworth et al. 1961) . Thomlinson R H (1961 ) Brookhaven Symp. Biol. No. 14,204 (1963 Hydrogen peroxide perfusions are still experimental but hydrogen peroxide has been used in the past in attempts to treat phosgene poisoning, to oxygenate a placenta of a premature fetus and to introduce oxygen into necrosing malignant glands prior to radiotherapy.
The technique of Mallams, Finney & Balla (1962) involved perfusing 0-12 % hydrogen peroxide and using about 250 ml in about thirty minutes. Radiotherapy was given during the last few minutes of the perfusion.
Among the results of some basic experimental work at the Middlesex Hospital on this type of perfusion it was found that when blood and hydrogen peroxide are mixed there is an increase in oxygenation which is exactly the same as the theoretical calculated increasewhich means that all the added oxygen oxygenates hmmoglobin. All the blood is fully oxygenated and then the mixture bubbles. All the oxygen is accounted for and so nothing else can be oxygenated. Examination of the mixtures do not show any methemoglobin formation. In terms of ml of oxygen per 100 ml of blood this type of perfusion in the external carotid artery produces an increase of 2 ml of oxygen per 100 ml of blood; therefore venous blood would be raised half way to arterial blood. Normal arterial blood, already almost fully saturated, would bubble oxygen. When this happens there is a rise in oxygen tension in the blood which gradually settles as the oxygen bubbles off. However, there is a short latent period which could be all important as it is comparable with the time taken for the mixture to reach the tumour. The extent of the rise in tension has not yet been measured but the effect is at least equivalent to pure oxygen at 2 atmospheres; doubling the concentration of the hydrogen peroxide certainly raises the tension much farther. These experiments were all done in a specially constructed apparatus; they do not necessarily apply in the body.
The safety of this technique was discussed and precautions taken to avoid vasospasm were outlined. An experiment in which a rabbit's brain was perfused with hydrogen peroxide was described. This experiment did not. result in any damage to the rabbit's brain.
The most important question was whether this type of perfusion raised the oxygen tension in the tissues. The various factors concerned in tissue oxygen tension were outlined and methods of measuring oxygen tissue tension were described. A polarized electrode was found to be the only suitable method of measuring tissue oxygen tension and this had been used clinically. This work has not yet been completed and it is hoped to publish some figures later which will indicate if there is any rise in tissue oxygen tension during hydrogen peroxide perfusion and, if possible, exact figures so that this technique can be compared directly with oxygen pressure chambers.
Finally, one serious contraindication of hydrogen peroxide perfusion was described. This was congenital acatalasia, first reported in Japan in 1946 (see Wyngaarden & Howell 1960) . A girl of 11 with a curious and undiagnosed conditionwhich had loosened many teeth and ulcerated her gumswas having an operation to remove a sequestrum from the upper jaw. When all the dead bone had been removed the surgeon packed the cavity with a swab soaked in hydrogen peroxide; thewhole area went black and, to quote his report, 'Just as if silver nitrate had been applied by mistake. Thinking this was so, I frantically poured on saline solution to neutralize the silver nitrate. Next I washed the wound with hydrogen peroxide from a new bottle, and the same thing happened. Finally, I noticed that the black colour was caused by the blood oozing out of the wound, and there were a few bubbles.' He had discovered the rare condition of acatalasia. There is no catalaseor peroxidasein the blood of these patients. This is inherited as an autosomal recessive characteristic. The condition of this girl's upper jaw was the result of her defect. It is known that hydrogen peroxide is generated where streptococci or pneumococci grow; normally this is at once acted upon by catalase but, where there is no catalase, the hydrogen peroxide turns to the hemoglobin and makes methamoglobin. This deprives the tissues of the oxygenating properties of oxyhemoglobin and so necrosis results wherever streptococci grow. The brownblack colour the surgeon noticed was methemoglobin. If such a patient were perfused with hydrogen peroxide the result would be disastrous biochemically andclinically. However, theverysimple routine test of adding hydrogen peroxide to blood would pick out these patients. So far they have only been found in the Far East in a proportion of about 2 per 100,000 of the population. (St Bartholomew's Hospital, London) Experiences with Hydrogen Peroxide Perfusion in Radiotherapy for Cancer of the Head and Neck During the past two years at St Bartholomew's Hospital we have treated a small series of patients with advanced cancer in the head and neck by arterial perfusion of hydrogen peroxide combined with external irradiation. This treatment was suggested and has been supervised by Mr John Whittle of the Department of Radiotherapy.
Mallams and Finney in Dallas treated their cases over a period of three weeks. The fractionation employed at St Bartholomew's lasted six weeks and the patients were treated three times weekly on our cobalt 60 unit; the total tumour dose was usually about 6,000 rads. We used the same perfusion solution already described and it was run in as quickly as the patient could tolerate itusually taking twenty to forty minutes; the radiotherapy was given near the end of the perfusion. Too rapid perfusion causes marked discomfort.
The growths treated involved the tongue, floor of mouth and mandible, fauces, upper jaw and the nasal vestibule.
Growths in the upper jaw can be perfused via the internal maxillary, while those involving the tongue and mouth region require a catheter placed at the level of the superior thyroid, near the bifurcation, in order to ensure good filling of the lingual branch. The two branches used for
